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Abstract. 2014 The adsorption of polymer chains on small objects in solution, such as micelles, is discussed using scaling results to describe the confinement energy. Adsorption on small spheres and on clusters of such spheres is discussed and appropriate power laws for the dimensions and energies are derived. For non-interacting objects the segregation of a dense, gel-like phase, is predicted. The direct relevance to solutions which can form micelles is also discussed briefly. [1] . Our purpose here is to apply the same ideas to adsorption on small objects whose surface area is too small to allow the polymer to spread to the extent corresponding to the same parameters on a free surface. Specifically we have in mind the adsorption of hydrophilic polymers on micelles which has been studied recently by Cabanne [2, 3] . To avoid the complications of the problem of micelle formation and of their equilibrium shape and size, we discuss adsorption on small spheres of given radius. To discuss an experimental situation involving micelles one would, of course, have to combine these results with some description of the micellar equilibrium itself.
Using a scaling description of the confinement energy of the chain [4] [I a] it is found that both the three-dimensional and the two-dimensional regimes of reference [4] [1] .
One also notes that the two inequalities (2.7) and (2.9) can only be consistent when the spheres are small For larger spheres the 3-dimensional semidilute regime cannot occur for any value of 6.
In addition one obviously requires that the adsorption (i.e. 6) should be sufficiently strong to confine the 1. chain in the first place :
where Çmin is given by eq. (2 .11 ). For very small 6 the polymer is never confined and the energy is given by eq. (2.8). The adsorption energy per polymer and sphere is then of order kB T at most.
Since they describe cross-over all limits given above (eq. (2. 7)-(2.14)) should obviously be regarded as qualitative. The numerical coefficients are given as derived but are not significant. At the lower limit of the range (2. 9) there is a crossover to a 2-dimensional confined regime [4] . Assum [5] . For real (self avoiding) chains the attractive surface adsorption energy has to be balanced against the repulsion of the monomers. This leads to the approach we have used in section 2. While the assumption of a constant density is actually quite good for real chains in a good solvent our approximation would still be valid, and qualitatively correct, if the density varied exponentially as for an ideal chain. The essential point is that the cost in entropy of separating a short segment from the chain, and allowing it to adsorb strongly, is extremely high.
It is obvious that the argument applies to weak adsorption (6 1) just as well.
One notes that this situation is quite different from the case where the number of attachment points (n) is fixed e.g. for adsorbed copolymers as discussed in references [6] and [7] . Since n is determined selfconsistently, one does not find stretched segments in the present case. probable n(= n-) in the two-dimensional regime.
Specifically (from (4.5c) the condition o2F/on2 &#x3E; 0 implies :
with a larger thickness :
We emphasize that we have assumed that any direct interaction between the spheres can be neglected.
When such an interaction exist it has to be included in Fn for n &#x3E; 1. A repulsive interaction will tend to reduce n and can stabilize the 3-dimensional regime. In particular it can lead to situations where the cluster with a single adsorbed sphere is stable in equilibrium. 5 . Clustering and phase separation. - The above discussion has a serious defect resulting from the geometry of the problem. The In practice there may be difficulties in observing this transition which depend on the method of preparation because the times involved could become extremely long. A state with small clusters as the dominant species is locally stable. Thus even in the presence of a nucleus of the condensed phase its growth might very well be dominated by the very low concentrations of free chains and spheres. 6 . Relevance to micelles. -As noted in the introduction the most obvious application of our results is to the adsorption of polymers on micelles. Stoichiometric adsorption of polymers on single micelles has been observed and studied in detail by Cabane [2] . Our results seem to imply that such behaviour must be stabilized by an effective micelle-micelle repulsion, presumably the same interaction responsible for stabilizing spherical micelles in the first place. Thus the results of section 2 should apply and the parameters of the system can be determined from the experimental results. One notes however that these results imply a surface tension which depends strongly on the chain length. One would expect this to affect the micelle size (and shape), which would compete with the fixed micelle clustering we have discussed. Other experimental situations can of course also be envisaged.
